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(54) Title: SIJBSEA Pn>EUNB SYSTEM 




^ (57) Abstract: The invention relates to a subsea pipeline stystem (1) for connecting two hydxocarbon production, storage and/or 
processing strucdncs. The subsea pipeline comprises a first duct section (2) supported on the scalxxi (4), a bridging duct section (6) 
extending across a lower seabed part (5), at a distance from the sea bed, and a second duct section (3) supported on the sea bed. die 
O first and second duct sections being connected to the brklging duct section via an articulation jcrint (7. 8) allowing movement of the 
<^ bridging duct section (6) in a leugth direction (L) of the first and second duct sections, wherdn a (iisl tensioning clement ( 12. 37. 41) 
O is with a first end (14) connected to the bridging duct section {$) at or near the articulalion joint (7) and with a second end (15) to a 
O lifting stractuTB (9, 36) which is located at a relativdiy short distance above ttie bridging duct section (6). for exerting an upward force 
^ thereon, and a second tensioning element (19. 30. 38) connected with one end to die bridging duct section (6) and with the other end 
^ to a downward pulling structaic (17, 31, 39), which is located below the bridging duct section (6), the first and second tensioning 
elements (12, 19. 30, 37, 38, 39, 41) including a nuitual angle (a) such as to exert a horizontal pulling force on the bridging duct 
1^ section. 
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Snbsea pipeline system 

The invention relates to a subsea pipeUne system for connecting two hydrocarbon 
production, storage and/or processing structures. 
5 From WO 99/62762, in the name of the applicant, a submerged transfer pipe 

system is known for transfer of hydrocarboDs between two floating offehore structures 
at sea level The known transfer pipe system comprises a horizontal duct section, which 
may have a lengdi of 1000 m or more, suspended fiDom inclined vertical duct sections 
on each of the respective of^ore structures (SPAR buoy, FPSO, export buoy, etc.). A 

10 tensioning wei^ or t^isioning cable connected to the sea bed, is connected near the 
flexible joints connecting the vertical an horizontal duct sections, such that a tensioning 
force is exerted on the horizontal duct which prevents buckling or bending and which 
reduces horizontal displacements due to currents acting on the horizontal duct section. 
The known pipeline structure is particularly suitable for use in mid-diq)th waters 

IS such as dqiths of 50-500 in. 

It is an object of the present invention to provide a transfer pipe system which is 
suitable for use on an inegular seabed 

Hereto the transfer pipe systBsn according to the present invention comprises a 
first duct section supported on the sea bed, a bridging duct section extending across a 

20 lower seabed part, at a distance fixxm the sea bed, and a second duct section supported 
on the sea bed, the first and second duct sections being connected to the bridging duct 
section via an articulation joint allowing movemoit of the bridging duct section in a 
length direction of the first and second duct sections, wherein a first tensioning element 
is with a first end connected to the bridging duct section at or near the articulation joint 

25 and with a second end to a lifting stmcture which is located at a relatively short 
distance above the bridging duct section, for exerting an upward force thereon, and a 
second tensioning element connected with one end to the bridging duct section and 
with the other end to a downward pulling structure, which is located below the bridging 
duct section, the first and second tensioning elements including a mutual angle such as 

30 to exert a horizontal pulling force on tiie bridging duct section* 

By placing the duct sections on the seabed, they are maintained in a stable 
position without being subject to displacements by cunreots. At the location of lower 
regions of the seabed, such as subsea canyons, the bridging duct section is subject to 
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horizontal drift displacenimt and to vertical displacements. By providing the lifting 
structure near Ihe end parts of the jGrst and second duct sections, and the downward 
pulling structure, die ends of the bridging duct section can be firmly kept in position 
near the higher sea bed part. The lifting structure does not extend more than half the 
5 water depth above the seabed As the articulation joint allows xnovemmt of the 
bridging duct section in its length direction, sufELcient possibilities for movement of the 
bridging duct section are provided with respect to the fixed end parts of the first and 
second duct sections, such that buckling an bendxag of the bridgiog duct section is 
prevented 

10 The articulated joints furthermore allows easy positioning and installation of the 

bridging duct section as wdl as removal or temporary disconnection of the bridguig 

duct section for rqplacemoat and for maintenance. 

The first and second production^ storage and/or processing structures may be on 

shore or offihore structures, located on or below die sea sur&ce^ such as SPAR buoys, 
IS FPSO's onshore power plants, LNG tankmi, r^gasification plants, processing 

equipment, etc* 

An embodim^tit of a subsea pipeline structure according to the pres^ invention 
comprises a lifting structure that is siqyported on the seabed and which extends above 
the bridging duct section, the first tensioning element comprismg a line coimected to 
20 the lifting structure and to die bridgmg duct section, the line making an angle with the 
vertical direction. The lifting structure may be a fi:am&KxmstructiQn or tower, 
preferably with a height between 5 and SO m. The tower provides a secure fixing of flie 
end parts of the first and second duct sections on the sea bed without bemg affected by 
subsea cnrrents. 

25 In another embodiment, the lifting structure conQnises a buoyancy device 

exerting an iq)ward force on the ends of the bridging duct section. 

The articulation joints allowing movement of the bridging duct section in the 
leogdi direction of the first and second duct sections* as well as transversely to the duct 
sections in a horizontal and vertical direction, may comprise a flexible junq>^ hose or a 

30 hard pipe section with a pipe swivel, a flexible joint, a bellow or a ball joint on each 
end of the pipe section* 
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Some embodimGaats of a suibsea pipeline system accoiding to fhe present 
iaventioii will be described in detail with reference to the accompanying drawings, by 
way of non-limitmg example. la the drawings: 

Figs. 1 and 2 show a schematic view of an embodiment of a seabed-supported 

5 pipeline system according to the present invention, the bridging duct section being 
siq)ported by a tower; 

Figs. 3-S show a schematic view of an embodiment of a seabed-supported 
pipeline systezn, the bridging duct section being supported by a buoyancy element; and 
Figs 6 and 7 show embodimmts of an articulation joint comprising hard piping 

0 and swivel elements. 

Figure 1 shows a submerged pipeline system 1 con:q>rising two substantially 
horizontal iOrst and second duct sections 2, 3 supported on a substantially horizontal 
part of the seabed 4. Near a lower seabed part 5, which may for instance comprise a 
subsea canyon, the duct sections 2, 3 are connected to a bridging duct section 6 via 

5 articulation joints 7, 8. Near the edges of die lower seabed part S, the bridging duct 
section 6 is siqyported by a tower or fiame construction 9, 10, which is anchored in the 
seabed. A tensioning dem^ 12, 13, such as a steel or polyester cable or chain» is with 
a first end 14 connected, to the bridging duct section 6 and with a second end IS to an 
iq»perpart of the tower. The cable 12 extends at an angle a witii respect to the v^caL 

0 A second tensioning element, which is in this case formed by a weig^ 17, 18, is 
suspended fiom a cable 19, 20. The articulation joints 7» 8 are formed by flexible duct 
sections or flexible jump^ hoses which can bend and Qsx to allow di£fplacement of the 
bridging duct section 6 in the length direction L as well as in a vertical direction in the 
plane of the drawing or in a horizontal direction perpendicular to the plane of the 

S drawing due to drift caused by subsea currents. Movement of the bridging duct section 
6 is isolated from the stationary and rigidly supported pipe sections 2, 3 and bending 
moments and stresses are not transferred to the horizontal duct sections 2, 3. The 
weights 17, 18 in combination with tiie inclined cables 12, 13 result in a horizontal 
tensioning force on Ifae bridging duct section 6, which is stabilised in tins way and by 

0 whidi bending and buckling of fhe duct section 6 is prevented. The horizontal duct 
section 6 may have a length of between 50 and 1000 m. Th^ length of flexible duct 7> 8 
may be betweoi 5 and SO m. The height of towers 9, 10 may be between S and 50 m. 
The bridging duct section may coniprise a supporting frame 25 along which a bridging 
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duct 26 is siq>ported The frame 25 may comprise buoyancy members, such as to 
provide neutral buoyancy to bridging duct section 6, 

The horizontal duct sections 2, 3 may connect to subsea hydrocaibon structures, 
such as wellheads, distribution manifolds, or may be connected to ofisbore 
5 constructions at sea level, such as LNG-tankers, FPSO, SPAR-buoys, and the like. The 
ducts may also connect to onshore hydrocarbon processing and/or storage structures, 
such as gas fuelled or oil foelled power plants, on shore gas or oil storage tanks, 
processing plants and the like. One of the duct sections 2, 3 may be connected to an 
onshore hydrocarbon storage and/or processing structure whereas the other one is 
1 0 connected to an ofEshore construction. 

Fig. 2 shows a construction in which the lower tensioning element is conqmsed 
of a cable 30 connected to a counter weight 31 via a sheeve 32. In this way chances of 
interference of the weight 31 with proline 2, 3 or with bridging duct section 6 are 
minimised. 

IS Li the embodiment of Fig. 3, a relatively short supporting frame 9 is used. The 

first tensioning element comprises a buoyancy device 36, attached to bridging duct 
section 6 via cable 37. The bridging duct section 6 is with one end connected to a 
downward pulling cable 38, which is fixed in a connection point 39 to the seabed 4. 
In the embodiment of Fig. 4, a buoyancy device 36 is connected via an articulated 

20 joint to the end part of duct section 2 and is andsored with a cable 38 and anchoring 
element 39 to the seabed 4. Via a second cable 41 extending at an angle to lhe vertical, 
buoyancy device 36 is connected to flie end part of bridging duct section 6, which 
carries at its end a wdg^t 17. In this construction, a single buoyancy device 36 supports 
both the end part of horizontal duct section 2 and the bridgmg duct section 6. 

2S In the embodiment as shown in Fig. 5, a relatively long downward pulling cable 

38 is CTiployed compared to the embodiment of Fig. 3, such that the degree of 
movement of bridgmg duct section 6 is relatively large. By use of such a longer cable 
38, the axial forces acting on the fluid transfer duct 6 and can be adjusted to the 
environmmtal conditions by change in length. Hereby, the stifBiess of the system can 

30 be adjusted and optimised even after installation, or may be re-adjusted B&isr a certain 
amount of time. 

In the embodiment shown in Fig. 6, the articulation joint is comprised of a rigid 
pipe section 40, conq)rising at its &iA part a pipe swivel or ball joint 41, 42, which 



I 
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allows for movements perpendicular out of the plane of the drawing. In this 
cx)nstnidion, movement out of the plane of the drawing is ]:estricted. By the use of rigid 
pipe sections, the pressures in relatively deep waters can be taken up. 

Jn the embodiment shown in Fig. 7, the articulation joint conq>rise5 two joint part 
5 45, 46 and three pipe swivels 47, 48 and 49. In this construction, hori2X)ntal movement 
of the bridguig duct section 6 can be better accommodated compared to the 
constroction shown in Fig. 6. 
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Clainu. 

1. Subsea pipeline system (1) for connecting two hydrocarbon production, storage 
and/or processing structures comprising a first duct section (2) supported on the sea bed 
5 (4), a bridging duct section (6) extending across a lower sesibed part (5), at a distance 
from the sea bed, and a second duct section (3) supported on the sea bed, the first and 
second duct sections being connected to the bridgtog duct section via an articulation 
joint (7, 8) allowing movement of the bridging duct section (6) in a length direction (L) 
of the first and second duct sections, wherein a first tensioning element (12, 37, 41) is 

10 with a first end (14) connected to the bridgmg duct section (6) at or near the articulation 
joint (7) and with a second end (15) to a lifting structure (9, 36) whidi is located at a 
relatively short distance above the bridging duct section (6), for exerting an upwsrd 
force thereon, and a second tensioning element (19, 30, 38) connected with one end to 
the bridging duct section (6) and with the other end to a downward pulling structure 

15 (17, 31, 39), which is located below the bridging duct section (6), the first and second 
tensioning elements (12, 19, 30, 37, 38, 39, 41) mcluding a mutual angle (a) such as to 
exert a horizontal pulling force on the bridging duct sectioit 

2. Subsea pq)eline system (1) according to claim 1, wherein tfie lifting structure (9) 
20 is sappoxtGd on the sea bed and extends above the bridging Aict section (6), the first 

tensioning element (12) comprismg a line connected to the lifting structure (9) and to 
the bridging duct swstion (6), fhe line making an angle (a) with the vertical direction. 

3. Subsea pipeline system (1) according to claim 1, \)%*erein the lifiing structure (36) 
25 comprises a buoyancy device, connected with a line (37, 41) to the bridging duct 

section (6). 

4. Subsea pipeline system (1) according to claim 1^ or 3, wherdn the second 
tensioning element (38) conges a Ime connected to the bridging duct section (6) and 

30 to a connection pomt at or near fhe seabed (39), the line maMng an angle with the 
vertical* 
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5. Subsea pipeline system (1) according to claim 1^ or 3, ^idierein the downward 
pulling structure coniqprises a weight (17, 31) suspended from the bridging duct section 
(6)- 

5 6. Subsea pipeline system (1) according to any of the preceding claims, wherein Ihe 
ends of the first and second duct sections (2, 3) are siqpported on the sea bed via a 
respective vertical support structure (9). 

7. Subsea pipeline system (1) according to any of the preceding claims, wherein the 
10 articulation joint (7, 8) conqndses a flexible duct section* 

8. Subsea pipeline system (1) according to any of claims 1 to 6, wherein the 
articulation joint comprises a duct section (45) extending at an angle with the first and 
second duct sections, and conqirising near its r^pective ends a swivel (47, 48). 

15 

9. Subsea pipeline system (1) according to any of the preceding claims, wherein the 
bridging duct section (6) is provided with buoyancy sudbi as to have a substantially 
neutral buoyancy. 

20 10. Subsea pipeline system (1) according to any of the preceding claims, wherein the 
first and second duct sections and fbe bridging duct section are made of hard pipt, 

11. Subsea pipeline system (1) according to any of the preceding claims, wherein the 
bridgmg duct section comprises at least two parallel duct sections. 
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